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Ｉ
Introduction
　It is well known that various　physical　properties are vertical】y　transported　byfree
convection in　the lowest　layer on sunny summer days. Theoretical　researches on this
problem have been given by　Monin-Obukhov and Priestley. The study of　the present
author is now attempted to examine these theories by experiments.
Ｉ!Experiment and the Result
　　　Ca) Experimental Method
　At the windows of the experimenta】room, b】ack curtains are hung and care is taken
so that forced　convection ｍａy・not take place by　external　cause. For　the apparatus a
lidded iron ｂｏｘに100×100×6　cm^ filled with water is used and the water is warmed by
inserted heaters, then　temperature of the lid is　changed to desired temperature by the
change of water temperature. As it has been known by measuring with a thermojunction
that fluctuation of surface temperature is so small, it is measured by mercury-thermome-
ter attached to the surface plate. Four or six thermo junctions are set on ａ wooden pole
vertical】ｙ pitched in the middle of the surface to measure the air temperature at various
heights under 50 cm height. (Fig. 1 a) Th･ey are led by　lead wires to ａ Takasu-type
self･recorder and continuous records during ca. 60 seconds are photographically recorded.
　As　value　of　vertical　component of wind　velocity　ｔ・only by free　convection　is so
small that it is　difficult to measure　with hot wire　technique, it is measured　by smoke
motion. A glass tube, 100 cm long and 1.５ cm in　diameter, is kepi horizontally above
６ cm （ｏｒ13 cm) height. A small　wooden　box is attached to one end　of　the tube and
smoke is generated in it by　burning fireworks and　the behaviour　of it is photographed
on ａ 剛ｍ of ８ mm ｎ!ovie camera.　!t is verified beforehand　by an observation that the
temperature of smoke at the outlet does not almost dぽfer from the surrounding air tern-
perature.　The image of the smoke is projected on ａ scaled pint glass of ａ movie editor
and the vertical velocity of　the smoke is　calculated from　numbers　of 6】m frames and
from vertically travelling distance of the smoke during one second and it is recognized
as vertical component of air velocity zv. (Fig. 1 h)
　　　(b) Reduction of the Record and Result
　The ｎ！ethod of　the reduction of　the record is il】ustrated by　an example. The record
when the surface temperature is 舶.1°C, is reproduced in Plate I. The record is divided
into 54 subintervals or 54 seconds.
　(i) Read mean values　ｏｆＴ°Ｃ within　the subintervals at 40 cm　height and take the
mean values of them during 54 seconds.　These values　are listed in column l in Table
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Fig. la. A】oparatus for the experiment.
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Fig. lb. A sequence of　photographs showing
　smoke-behavior. The range　of　markers are
　1/16 sec apart.
l b.　　　　　　　　　　　　　　　　　　　　　　　　，
　(ii) Read mean values of r for the other various heights by the similar　manner.
These ｖａ】Liesare listed in column ２－6.　　　　　　　　　.
　(iii) Read mean values of ｗ within subintervals and take the mean values of them.
These values are listed in column ７.
　Table 2 shows the mean values of T (Absolute temperature θ゜尺)and　△θ/△Ｚ.
Table 2. Mean temperatu res and their gradients at various heights.
N0. １ ２　　１　　３ ４ ５
Temp･
　(゜Ｃ)
討×103
(゜C.cm"M
Temp. 討×103 Temp･ 討×103 Temp. 討×103 Temp･ 肘×103
Room 14.0 14.0 14.0 14.0 14.0
　cm
50
31
13
6
0
－
14.2
14.9
14.9
18.5
　－39
　　0
－600
－
15.5
16.6
18.4
26.5
－　61
- 257
-1350
－
16.1
17.2
18.7
30.0
－　61
－214
-2167
　－
16.1
17.9
19.3
35.0
－100
－200
-2617
14.6
17.6
18.7
22.5
40.5
－158
－　61
- 543
－3000
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N0. ６ ７ ８ ９ 10
Temp･. 討×103 Temp. 全一ﾂ×103 Temp･ 討娠1o’ Temp･ 討×103 Temp･ 肘×103
Room 14.0 14.0 14.0 14.0 14.0
　cm
50
31
13
6
0
15.3
18.5
19.6
22.6
46.0
- 169
－　61
- 430
－3900
17.9
18.9
20.5
21.8
50.0
－　53
－　89
－186
－4700
18.8
19.9
21.5
21.9
55.0
－　58
－　89
－　57
-5517
18.9
20.1
22.2
23.3
59.0
－　63
－117
－157
一5950
18.4
18.7
21.7
23.5
63.0
－　16
- 167
- 257
－6600
N0. 11 12 13 14 15
Temp･ 肘×103 Temp･ 郷×103 Temp･ 討×103 Temp･ 肘×103 Temp･ 討×103
Room 26.0 25.2 26.8 25.9 25.9
　cm
40
28
20
13
6
2
0
27.4
27.6
27,7
27.8
28.1
28.2
36.2
－　17
－　12
－，14
－　43
－　25
－4000
26.1
27.7
28.1
28.6
28.7
29.0
46.1
- 133
－　50
－　71
－　14
－　75
－8600
29.1
28.8
29.4
30.6
30.8
31.0
49.0
　　25
－　75
- 171
－　30
－　50
－9000
26.9
28.1
28.5
29.5
'30.5
31.6･
55.2
－100
－　50
- 142
－142
－275
－11800
29.2
29.3
29.9
31.6
31.5
31.1
57.0
－　S
－　75
― 243
　　14
　　100
－12900
III.　Considerations
　Monin-Obukhov〔1レhave obtained following equation representing verticaトdistribution
of the air temperature ｅ in ａ strong unstable condition,
θ=θ。。十品(六戸娶ド (1)
whereθ。。is temperature at infinity （it is taken as room temperature in this experiment),
ｅ。is mean air temperature, Ｃ≒1 is dimensionless universal constant. た＝0.4 is Karman's
constant, 9 is upward heat flux,りニ0.24 is specific heat at constant pressure of the air,
ρ＝0.00129 gr/cm' is dencity of the air and ｇ is acceleration of gravity.
　The relation between ｅ and ｚ is illustrated in Fig. 2. It shows that （θ一ｅ。。）isgene-
　　　　　　　　　　　　　　　1　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　｀rally proportionaトto ｚ‾戸,though the cases of ｅ－ｅ。。=constant　are seen between ２－６
cm.　The value ｏｆ戸is small when surface temperature is small and it increases t0 3 as
surface temperature increases and becomes to satisfy Eq. (1)｡　　　　　　　　　　　　　ス
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Fig. 2. Verification of the “-1/3 power laｗ” of the vertical
　distribution of air temperature.
Vertical heat flux g is calculated from next equation thaトis derived from Ｅq.田
91ﾆﾌﾞｾ?9ｽﾞｼﾞｰ(兪)1/2{θ－θ・・ﾀﾞ/≒1/2
(2)
　Table 3 shows the value of 9i at each 】evelca】culatedfrom Eq. (2). Heat flux through
each level is to　be　constant in steady　state over infinite　wide　surface and　it may　be
recognized that this condition is generally satisfiedeven in this experimental scale when
the surface temperature is 】arge.Heat flux in higher level is conspicuously smaller than
that in the lower layer and small ｇ appears inMower layer。with decrease of the surface
temperature.　This fact　shows　that Eq. (1) is adaptab［ｅ　in　lowerlayer　when　surface
temperature is small　and that it spreads to.high　】evel wi th　increase of temperature of
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　｜the surface.
　Using another form of equation proposed by Priestley〔2･〕
911=Ｈｃ＊Ｃ暉）(農)3″(嗇)1/2Ｚ2
(3)
heat flux is calculated･ where Ｈ？幸l and the vertical lapse rate of temperature is assumed
cieidz≒ご△ｅ/△z. where△r is　the di仔erence of 'mean temperature between　vertical
small distance △z. The values in　brackets in Table ３ are heat flux directly obtained
by the expression 9・bs Cpρ石Ｔ.　They more coincide ･with those gained by the equation
(2) than those by （3）｡　　　　　　　　　　ト。
　Eq. (2) is ｇｃ（同一θ。。P72when z = const. Priestley〔3〕also has given similar relation,
qo<(△θ）3へ　where△θiｓ taken as　the temperature difference　between　surface　and ｚ-
level. The　comparison of these two　equation･S tC）Ｑｏｂｓ.shows　considerable　good agree-
ment. (Fig. 3)
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　　　　　Table3. Heat fluxcalculatedby Eqs.
　　　　　　　　91＝
ﾆｼﾞﾀﾞがー(丈)1/2(θ－6らく))3/2ｚ1り
qii
°Ｈｅ＊Ｃ印(器)3/2(丈)1/2Ｚ2
N0. １ ２ ３ ４ ５ ,６ ７ ８ ９ 10
s゛y･Jﾔr)゛ 18.5 25.5 30.0 35.0 40.5 46.0 50.0 55.0 59.0 63.0
cal
　cm
50
31
13
　6
　－
0.003
0.017
0.011
　－
0.051
0.082
0.134
　－
0.094
0. 113
0.136
　－
0.094
0.156
0.164
0.001
0.166
,0.173
0.303
0.008
0.202
0.200
0.282
0.354
0.402
0.356
0.318‘
0.396
0.438
0.396
0.282
0.403
0.456
0.408
0.354
0.326
0.300
0.395
0.354
mincm-
　　91
911
40
22
10
　3
　－
0.132
　0
0.146
　－
0.256
0.444
0.479
　－
0.246
0.336
0.996
　－
0.627
3.050
1.293
3.480
0.243
1.332
1.520
3.594
0.248
0.966
2.400
1.824
0.435
0.268
3.072
0.684
0.435
0.047
3.918
0.912
0.648
0.216
4.488
0.108
1.140
0.435
5.124
N0. 11 12 13 14 　　15
　57.0
　0.203
　0.186
　0.192
　0.261
　0.172{
(0.270)
　0.088
　0.029
　0.462
　1.164
　　一
　1.560
s¨y･ご９‘ 36.2 46.1 49.0 55.2
cal 　cm
40
28
20
13
6
2
　　一
　　－
　0.059
　0.047
　0.040{
(0.048)
　0.024
　0.003
　0.113
　0.121
　0.091
　0.088{
(0.198)
　0.056
　0,119
　0.080
　0.102
　0.142{
(0.160)
　0.104
　0.068
0.034
0.092
0. 101
0.131
0,129
0.101
mincm''
　　(７１
9n
34
24
17
10
4
1
0.085
0.026
0. 167
0.031
0.003
0.273
1.896
0.193
0,137
0.006
0.011
0.014
　－
0.462
0.696
0.018
0.005
0.906
1.242
0.193
0.522
0.182
0.077
1.356
Qｏｌｉｓ
0.3
0.2
0.1
0.05
　　1
Fig. 3.
○
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χ｡･erificationof “3/２ power laｗ” between observed heat
flux ｑｏｂｓand (0S-0) (Priestley) and (0-0。。)(Obukhov)｡
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IV. Thermal Structure of the Convective Bottom Layer
　It has been described that Monin-Obukhovs' andトPriestley's theories are considerably
adaptable to the mean values of temperatureトilトthe･ｃａs･e,of free convection, and now we
consider about fluctuations　of short　period of the same record.　The author has studied
on the thermal structure of the bottom layer in the atmosphere in the previous paper 〔4〕
and pointed　out that　cold and warm air alternatively and　successively　passed through
an observing point until 130 cm height above a bare gぷund 6n sunny sｕ･mmer days. In
the present study isopleths and tu are drawn in Fig. 4a一一【jfor the representative three
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ｉcases and also ａ】ternation of cold and ｗａ･rm ａｉｒトmassesis seen.
　As an ･example。the observed data from 35 to' 52 sec in No. 12 (Fig. 4 a, surface tern-
perature 46.1°C) is selected to examine the structure of the alternation of cold and warm
air masses, and the vertical temperature profile for every second ･is plotted in Fig. 5.
Broken line in　the figure shows 54 sec mean‘temperature　profile. It shows cold stage
of 7 sec from 35 to 41 sec and ２ sec from 46 to 47,,sec, and warm stage of 2 sec from
43 t0 44 sec and ４ sec from 49 to 52 sec separated by critical stages at 42, 45 and 48
sec. Arrows show ｌ。in vector at 6 0ｒ 13 cm heights∧In the intervals of downward iひ，
from 35 to 39 sec and from 49 t0 52 sec, air temperature becomes slow down and instan-
taneous temperature profile moves to the left. This･ is ･thought to derive from the des-
cending of cold upper air. From 40 t0 44 sec ‘and 49 t0 52 sec, V£･]becomes ･upward and
air temperature rises, i. e., temperature profile moves to the right. This is because of
rising of air temperature by upward motion 'of ｗ肘ｍ‘air.ヽThe change of ■w corresponds
very well to that of tｅ°perature at least during ･the e｀・mined interヤa1･　Analogous ten-
dency is seen in the other ｅχamples, though not so conspicuous as above example. The
period of alternation of cold and warm air massesｸchanges with surface temperature and
height. The values of the period read from thとisopleths ･are shown in Table 4. It shows
that the period in low layer is short but it is longﾌin the upper layer when the difference
of surface temperature (鴎)ａｎｄ　room temperature (0。。)ls　Ｓｍａ】land that they attend
Tab】e 4.　Change of the period (sec) of Ja!ternationof cold and warm air
　masses with di斤erence between surface and room temperature.
θ。一θ。。
　　　　　Height (cm)土工cm.
６ 13 31 50
－
一
一
12
10
10
8
9
4.5
12.5
16.0
21.0
26.0
31.0
36.5
41.0
48.8
18.5
26.5
30.0
35.0
40.5
46.0
50.0
55.0
63.0
１２
７
７
８
８
７
６
７６
F2
15
10
10
8
8
8
8
8
　12
・　12
　10
　10
　9
　7
　10 ･
　8
　7
e,-0。。 二仁 ６ 13 20 28 40
10.2
20.9
22.2
31.1
36.2
46.1
49.0
51.0
１４
９
９
９
　１５
　９
‥　８
　８
－
　９
　９
　９
－
9
12
9
－
11
15
9
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to equal short period from under to upper layers with growth of (θs－'θ(×)).　Thevalues
of the short period are 7－9 sec.
　　　　　　　　　　　　　　　　　　　　　　V. Conclusion
　Precise experiment of free　convection over　broad horizontal ｓｕｒ‘fa･むeis executed in ａ
room and the chief points of contribution are as follows :
　(i) Theoretical　equations　of vertical temperature .profile　and ｈｅ･at　transfer　in free
convection proposed by Monin-Obukhov and Priestley, are experimentally examined and
the theories are considerably supported by this experiment｡
　(ii) From the point of view of temperature fluctuations of short period, it is verified
that the phenomenon of vertical heat flux which obeys Monin-Obukhovs' or Priestley's
equations in mean state is executed by successive alternation of warm rising air bubbles
and compensating subsident cold air.
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